Risk communication is a significant challenge in risk management. It serves different purposes; an important one is to improve the public risk awareness and mitigation. Because of the strong spatio-temporal component of natural hazards, maps can play a decisive role in communicating risk information. The application and design of maps for risk communication especially to the public has not been investigated comprehensively. Specific constraints and challenges of risk communication have not been considered systematically in the map design process so far. This study aims at developing a frame for the application and design of interactive risk and hazard maps for the public which is based on the specific constraints and challenges of risk communication. In a literature review it introduces concepts and methods from social sciences and psychology, which have been assessed as important for communicating risk information. The concepts and methods are adapted to map-mediated risk communication according to the approaches of Activity Theory. Communication objectives and tasks which are essential to improve risk mitigation are identified and geovisualization methods for information presentation are related according to the degree which they are able to serve them. Based on this, some principles for map-based risk communication are established.
disasters, communication process, information presentation, and type of information source.
Maps in risk communication
Natural hazards have a strong spatio-temporal component, therefore maps can play a decisive role in risk communication. As part of a holistic campaign, maps may contribute to improving awareness and understanding. Different types of maps have been developed, dealing with hazards or risks, like the Swiss hazard maps or the German risk maps of insurance companies (Dransch et al. 2005) . The variety of maps related to hazards and risks is impressively shown in Monmonier's (1997) book 'Cartographies of danger.' It gives a comprehensive overview about existing maps on different hazards and risks in the USA. The term map is used in this paper in a broad sense. It includes two-and three-dimensional visualizations and dynamic simulations, and it covers paper maps, interactive maps as well as map-based information systems.
The usefulness of maps in risk communication is acknowledged in many fields. 'Representation and analysis of disease incidence data in map form has now established itself as a basic tool within the realm of public health and environmental justice' (Maclachlan et al. 2007, p. 73) . Various countries, for instance Germany, Austria, Switzerland, The Netherlands, or Great Britain, have started creating maps for different hazards and risks. The European Directive on the Assessment and Management on Flood Risks (EU Flood Directive 2007) demands detailed and extensive maps depicting flood hazard or risk as a measure against flood damage.
Besides traditional paper maps, digital maps, map-based information systems, simulations, and web-technology are increasingly applied in risk communication (Maclachlan et al. 2007 , Hagemeier-Klose and Wagner 2008 , Haubrock et al. 2008 . Although criticism arises concerning availability and accessibility of information provided via the Internet, recent research work points out that the Web may democratize the access to risk information especially if open-access and open-source technology is used (Curtis and Mills 2008) . Digital, interactive maps and information systems offer more potential for information presentation, exploration, and analysis. However, the larger the options, the more a careful design of the maps is required. Investigations have shown that various user-needs for risk communication via the Web exist (Rohrmann 2004) . Essential aspects are the design of visual components, easily understandable content, the offer of further information and a self-explaining, easy to use interface (Hagemeier-Klose and Wagner 2009) .
Various aspects of maps for risk management have been investigated so far. The design of map symbols for crisis management was analyzed (Dymon 2003 , Conger 2004 . Hazard and risk maps were distinguished into different categories according to their content and complexity (Merz and Gocht 2003) , and concepts for risk maps were developed like the risk and protection deficit map (Egli 2000) . Some work focused on user orientation and demands on hazard and risk maps (Dapp 2002 , Dransch and Etter 2006 , Haubrock et al. 2008 . Human-centered GIS user-interfaces (Rauschert et al. 2002 , Mü ller et al. 2007 ) as well as maps and GIS supporting collaboration in risk management (MacEachren et al. 2004 , Cai et al. 2005 ) are further fields of research.
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Most of this work is either directed at crisis management and the involved stakeholders or at authorities who have to deal with a risk, e.g. planning or water authority. The public, who is to be considered also as a stakeholder, is seldom subject of investigation. This limitation is also found when regarding existing hazard and risk maps. Most of them are created for scientists, risk-management experts, insurances, and authorities but not for laypeople (Curtis and Mills 2008) .
The investigation and design of hazard and risk maps was guided predominately by the cartographers and risk-management professionals and their thematic focus. Fruitful knowledge has been created in order to design hazard and risk maps; however, the findings from psychology and social sciences regarding specific constraints and challenges of risk communication have not been considered systematically in the map design process.
Rationale for this study
In our research we address this shortcoming. The objective of the paper is to complement the well-established cartographic knowledge about information presentation with specific aspects of risk communication. We investigate the following questions: how can maps contribute to the specific challenges of risk communication to the public? How are maps to be designed to meet the particular requirements of communicating risk information to the public? A frame of communication objectives, tasks, and suitable map application and design is established. This paper is structured as follows: in Section 2, we outline the methodical approach of our study. Section 3 introduces the challenges we found to be important to communicating risk information. These common challenges are transferred to map-mediated risk communication to laypeople (Section 4). Then the paper ends with a discussion and conclusions for further research.
Methodology
A literature review was undertaken to develop a sound understanding of aspects influencing the effectiveness of risk communication. Challenges related to risk perception, communication process, and information presentation were derived. A frame was established that relates the challenges to our research focus, the mapmediated risk communication to the public. Communication objectives for the target group were formulated and tasks which have to be fulfilled to reach the objectives were determined. In a further step it was demonstrated how maps can support the tasks and how they have to be designed for a specific task. This methodological approach follows the theoretical concept of Activity Theory (Nardi 1996 , Dransch 2001 , which forms the basis for the task-oriented approach (Andrienko and Andrienko 2005) applied in modern geovisualization to achieve a suitable map design. According to Activity Theory, each activity is described by objectives, which direct an activity, and by tasks, which are necessary to reach the objectives. The tasks are operationalized by actions into executable components. Activity Theory is applied in many disciplines to study and formalize physical as well as mental activities.
Challenges of risk communication Á a literature review
The challenges of risk communication have been investigated in social sciences and psychology. They can be distinguished into challenges related to risk perception, the communication process, and information design.
Challenges related to risk perception
Often people react to a hazard warning with incredulity and continue their normal activity. This phenomenon is called normalcy bias (Gutteling and Wiegman 1996) . It causes people to underestimate the possibility of being affected by a hazard. This often results in situations where people fail to adequately prepare for hazards. According to Perry (1979) , people's behavior in a hazard situation depends highly on the individual risk assessment, the perceived threat as well as community aspects. If a hazard occurs unexpectedly and people are not prepared, they react with incredulity. If individuals realize the danger, they will ask for more information to assess the situation and they will act to reduce the risk. Due to the persons' knowledge about potential protection measures, they can act to minimize the risk. From these findings the following points can be derived for risk communication:
. Improve risk perception of people in vulnerable regions.
. Enhance knowledge about the hazard itself and warning signals.
. Give concrete information about a hazard such as location or time.
. Make information about suitable protection measures available. . Keep information and warnings consistent in order to be reliable.
The difference between real and perceived exposure to a risk is also discussed in the concept of hazard versus outrage (Sandman 1989) . The perceived exposure is influenced by factors, such as voluntariness of the exposure to hazards, familiarity with a hazard and its impact, or a hazard's concentration in space and time. This phenomenon of intuitive assessment of hazards and risks is also described by Slovic et al. (2004) . Often risk communication only refers to hazards and neglects outrage. However, for the public the outrage is much more important than the hazard; hazards with a high outrage are overestimated, and in contrary, hazards with low outrage are underestimated.
Another difference in dealing with risk exists between experts and laypeople. Wiedemann and Schü tz (2000) point out the different framing of risk by experts and laypeople. Experts consider risk as characteristics and effect of hazard potential. They deal with suspected hazard, accident potential, exposure to hazard, and attribution of effects; risks are described by qualitative and quantitative measures. In contrast, laypeople frame risk issues in a more personal way. They usually put risks in a broader social context and they organize their knowledge in a story-like manner. The mental models describing the risk conceptions of laypeople differ widely from those of experts (Morgan et al. 2002) . Mileti (Disasters 2003 ) also mentions that people will tend to believe risk messages when they can confirm them through interactions with significant others, such as family members, friends, and co-workers. Risk communication has to be aware of these differences; it has to bridge the gap before addressing risk information.
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A further aspect which affects risk perception is trust and credibility. Factors which influence credibility are for instance comprehensive and consistent information, experience and professional attainment, truthfulness and objectivity as well as involvement. Also the problem of false alarm has to be mentioned here. Information about a hazard event has to be true; otherwise, people will not trust further alarms and will not react to the information. Credibility is the basis for any risk communication. Only if credibility is given, information and education will work (Renn and Levin 1991 , Covello 1993 , Slovic 1993 .
Challenges related to the communication process
Risk communication has to concentrate on the most important target group. This so-called primary audience (Lundgren and McMakin 1998) can be the group of most affected people, the people who are least informed about a hazard, its consequences, and protection potential, or the persons who are most involved in the decision process how to handle a risk. The design of risk communication should focus on the requirements of the primary audience. Closely related to the primary audience are the communication objectives (Dransch 2001 (Dransch , 2003 . The communication's intention has to be defined and the media has to be designed accordingly. A further aspect is the information source, which is used in the communication process. The choice of an information source by the audience is determined by the following factors: its availability and accessibility, the effort and money which is necessary to contact it, the experience a person already has with the source, and its credibility (Gutteling and Wiegman 1996, Curtis and Mills 2008) .
Challenges related to information presentation
Vivid information presentation plays a crucial role in effective risk communication. According to the concept of vividness, vivid information may improve memorability and construction of mental representations. It also may amplify the emotional involvement of a person. This is especially true for people who are not informed or concerned as experts and professionals (Weidenmann 1991) . 'Information may be described as vivid, that is, as likely to attract and hold our attention, and to excite the imagination to the extent that it is (a) emotionally interesting, (b) concrete and imagery-provoking, and (c) proximate in a sensory, temporal, or spatial way' (Taylor and Thompson 1982, p. 156) . As research has shown, localized hazard information, e.g. pictures showing former disasters in the home community, is remembered longer than more impressive pictures from other areas (Wagner 2007) . Vividness can be realized by using a precise and concrete language, showing pictures and graphs, or by giving individual case histories. Vividness refers to the content as well as the presentation of information. Investigations comparing numerical and graphical information presentation have demonstrated that pictorial information is helpful for risk understanding and it affects the willingness to reduce risks (Fuller et al. 2002, Schirillo and Stone 2005) . It is assumed that vivid information has greater influence in decision making than other types of information (Taylor and Thompson 1982) .
Reducing and adapting the complexity of a message to the particular audience is another vital aspect of risk communication (Gutteling and Wiegman 1996) . In a study examining the influence of different communication means (written or spoken International Journal of Digital Earth 297 text, video, PC) for understanding scientific risk information it became apparent that the more interactive and user-oriented the communication material, the better the information is understood (Trevena et al. 2006) . Enabling the audience to understand the content of a message is of great importance. If people do not understand the message entirely, the consequences on their attitude and behavior are unpredictable.
The interpretation of a message and the conclusion derived from it may also vary according to the wording of a message. Tversky and Kahneman (1981) investigated the phenomenon of message framing in the context of risk communication: positive and negative formulation of a message may change the reaction of people greatly. Tversky and Kahnemann could show in their experiment that positive wording (e.g. gain, to save lives) leads to risk-averse behavior; in contrast, negative wording (e.g. lost, people will die) causes risk taking. The influence of negative or positive wording on risk perception is confirmed by investigations conducted by Flugstad and Windshitl (2003) . Finally, the certainty effect has to be considered when formulating risk messages. This effect is defined as following: 'a reduction of the probability of an outcome by a constant factor has more impact when the outcome was initially certain than when it was merely probable' (Tversky and Kahneman 1981, pp. 454Á 455) . Another relevant issue in message framing is the formulation of a hazard's or risk's probability. A study could demonstrate that laypeople prefer relative frequency as a measure for hazard and risk probability (Gosh and Gosh 2005) .
Comparing risks may help people to improve the assessment of a risk (Covello 1991) . The comparison should be related to other risks or standards, to different times or places, to other affected groups, or to taking or not taking actions against a risk (Lundgren and McMakin 1998) . The goal of risk comparison is to improve understanding of quantities, illustrate the magnitude of a risk, illustrate the significance of the risk, or explain the uncertainties in risk management (Wiedemann and Schü tz 2000) .
Finally, the concept of many-sidedness has to be considered. Many-sidedness means to present all aspects of a certain topic, in our case of a risk (Gutteling and Wiegman 1996) . Positive as well as negative aspects have to be published to allow the audience to create a differentiated view of a risk. Also doubts, inconsistencies or uncertainty of information should be communicated. Depicting uncertainty of information, however, has different results: part of the audience feels informed more honestly and comprehensively, others interpret uncertainty as incompetence and dishonesty (Johnson und Slovic 1995) .
Summarizing the challenges
The challenges which have to be met by risk communication exist on different levels. The aspects which are related to risk perception show how individuals react to hazard and risk information, how they assess it, and how they deal with it. They evince the constraints of the audience and determine the requirements on communication goals and media design. The aspects concerning the risk communication process emphasize the importance of a defined target group, determined communication goals, as well as a reliable and accessible information source. They are the three corner stones of an effective risk communication campaign. The issues of information presentation demonstrate the influence of a certain style of 298 D. Dransch et al.
information depiction on the way individuals understand and interpret risk information. They give indications on the design of effective media.
Supporting the challenges of risk communication with suitable maps
In the following a frame is developed which relates the general results from the literature review to the specific focus of our research. Communication objectives, tasks, and methods for suitable map design are formulated.
Communication objectives and tasks
The primary audience for our investigation is the public. Although we are aware that the public is not a homogeneous group, and that cultural and personal differences have to be considered, we assume that general requirements for the design of hazard and risk maps have to be fulfilled in order to improve risk communication to the public. The audience is often distinguished between experts and laypeople (Slovic 1987 , Siegrist und Gutscher 2006 . Following this differentiation, we suppose that maps defined for laypeople can be adopted for the general public as well, in spite of existing differences.
For this target group we defined the communication purpose, which is to improve risk mitigation behavior. We derived the related communication objectives from challenges described in the literature review. The introduced normalcy bias and the hazard vs. outrage phenomenon demand improving risk perception and assessment. The specific risk framing of laypeople makes it necessary to allow a personal view on risks, which can be confirmed with others. And finally, the need for trust as a precondition for all communication requires establishing credibility. According to these needs, we defined three main objectives for risk communication to the public and subdivided them into tasks. The first objective is to improve risk perception; the tasks are to increase risk knowledge and understanding, to enable appropriate risk assessment, and to allow good information accessibility. The second objective is to support a personal risk framing; the tasks are to create a personal view and to allow confirming information with others through interaction. The third objective is to establish credibility; the tasks are to inform objectively and to give consistent information. The realization of the objectives and tasks by maps is demonstrated in the following sections. With respect to the generality of the frame we do not distinguish maps for different hazards.
4.2.
Maps to improve risk perception 4.2.1. Maps to increase knowledge and understanding Vivid and emotionally interesting maps can support this task. They should depict concrete information about the impact of a hazard, e.g. the influence at a person's house or at least the area where the person lives. The spatial reference map should be detailed enough to enable individuals to identify places that they are interested in, such as single houses or living areas. Moreover, pictorial media such as aerial photos, realistic representations, or city models are useful because objects look more realistic and are easier to recognize for untrained people (Weidenmann 1988) . Associative International Journal of Digital Earth colors and symbols must be applied in order to allow users a quick and correct information extraction. Some existing risk maps do not follow these cartographic rules and therewith hamper map reading. Furthermore, additional information presenting concrete hazard events or experiences at certain locations should be linked to the map in order to add emotional information, such as pictures, videos, or spoken reports of witnesses.
Scenarios of past or possible future events can also contribute to vivid information presentation. Therefore, interactive maps should be combined with digital databases and simulation models to create different scenarios allowing a person to explore the risk and to get deeper insight into the hazard and its possible effects. As investigations have shown, the scenarios should be alterable by the users according to known measurable values for a hazard, e.g. gauge level for flood or wind speed for storm (Hagemeier-Klose and Wagner 2009).
We have implemented several of the described design guidelines in a map-based simulation tool for the German Elbe River, which allows people to explore the impact of floods and a related dike breach (Figure 1a and b) . The simulation tool should enable laypeople to assess the effects of a dike breach at a defined place and flood level. It should make apparent the potential vulnerability of areas behind a dike. A simulation model composing a hydraulic and a dike breach model forms the basis. It calculates the height of the flood according to a chosen gauge level as well as the flooded area in the case of a dike breach at a defined place. The input of the model consists of two parameters: the height of the flood at a certain gauge and the place where the dike breach occurs. The output presents the area which will be flooded as well as the depth of the water in relation to time. In order to make the simulation models' input and output understandable for laypeople a suitable visualization and interaction design was implemented. People are able to interact with the flood simulation tool via an Internet browser. The area of the Elbe River is presented using Google satellite maps. Many people who use the Internet are familiar with Google and Google Maps. The dikes are added with a green dot line. On the satellite map users can interactively select the location of a dike breach with a mouse click; a bar chart beneath the map allows them to determine the width of the dike breach (Figure 1a ). The gauge level as a further input parameter can be defined either via a selection button to choose predefined scenarios, e.g. historical flood events, or via a column graph to set individual values. The model output is laid over the Google satellite map to present the result of the model run for the user (Figure  1b) . All model outputs can be overlaid over the map in a loop to display the temporal development of the model run. Individuals are able to see the impact of a dike breach on the place where they live. One problem which is related to scenarios is the inaccuracy of models. Inaccurate information foils effective risk communication as the principle of credibility demonstrates. In a recent research project we investigate how uncertainty and different data quality can be communicated effectively.
Maps which should improve risk perception have to depict information not only in a vivid manner but also in a suitable complexity. Cartographic rules about comprehensible symbolization, suitable presentation method, and adequate number of presented topics should be applied. Maps can also assist in organizing information and thus, avoid information overload. As an information portal an interactive map may join different information components and link them to specific 300 D. Dransch et al.
locations on the map. For instance, information about actions that people can take for risk mitigation in an area affected by flood or storm can be linked to areas which are exposed to these hazards. This option allows for providing further information which people may access very flexibly according to their individual interest.
The interactivity of a map should be determined and guided by the communication goal and tasks. It should be restricted to those functionalities which contribute to knowledge creation. In the flood and dike breach simulation tool (Figure 1a) interactivity is limited to defining the input parameter for the simulation, the dike breach location and the gauge level. In the risk assessment tool for Saxony (Figure 2aÁc) , the interactivity allows users to choose a particular area of interest, a hazard and a return period, and to navigate in the map. Supplementary interactions, such as changing the map design, should be avoided in order to allow people to concentrate on the essential aspects and to keep the interaction with an interactive map simple and clear. 
Maps to enable appropriate risk assessment
Maps are effective means for risk assessment with spatial dimensions. They can illustrate the magnitude of a risk and its spatial distribution as well as the significance of a risk. The following categories of risk comparisons should be applied in maps:
. Comparison of the same risk at different places. . Comparison of the same risk at different times.
. Comparison of areas of risk against a specific standard, which show areas of lower or higher risk than the standard. . Comparison of different risks at a certain place. . Comparison of a risk when acting or not acting in space (e.g. dike breach, retention areas). . Comparison of alternative solutions to the same problem. . Comparison of average risk with peak risk at a particular time and location.
In addition, graphical means and message framing may affect an objective estimation of risks. An example for a graphical method to support risk comparison is the risk ladder (Sandman et al. 1994) . A risk ladder consists of two axes: one shows the risk of hazard A and the other of hazard B, e.g. the concentration of radon in a house and the concentration of cigarette smoke. This method enables people to International Journal of Digital Earth 303 set unknown risks in relation to known risks and therefore improve the objective estimation of a risk. Risk ladders could be applied to supplement interactive maps. They could be depicted for selected places in the map. The wording in a map should also include findings from research in message framing: positive wording (e.g. gain, to save lives) leads to risk-averse, negative wording (e.g. lost, people will die) causes risk taking. Probabilities of risks should be presented as relative frequency. In a tool called Risk Explorer we have developed an interactive map-based information system which allows people to assess different risks in the area of Saxony, a federal state of Germany. The predominant hazard which people relate with Saxony is flood because of disastrous flood events caused by the Elbe river. However, Saxony is not only affected by floods but also by storms and earthquakes. These hazards receive less attention than floods because of the rare occurrence in the case of earthquakes or the more local appearance in the case of storms. With respect to a more realistic assessment of the various hazards and related risks we have designed interactive maps that enable people to compare the three hazards and their risk in Saxony. All hazards were related to the same return period of 200 years, which is a prerequisite for the risk comparison. One type of maps shows the spatial distribution of the predominant hazard and the related damages to residential buildings (Figure 2a ). This map makes apparent the regions which are affected primarily by floods, earthquakes, or storms. An additional diagram located in the legend box allows for comparing the quantities of all three hazards for selected places. Another type of map presents the expected damage of one selected hazard for various return periods. Figure 2b and flood or earthquake event to residential buildings in Euros. In this case the additional diagram compares the damages of different hazard probabilities.
Maps to allow good information accessibility
The Internet is a suitable medium to present hazard and risk maps to the public. In Germany for instance 72% of households were connected to the Internet in 2009 (Statistisches Bundesamt 2009). Web mapping can be implemented based on different technologies. Web mapping services and Google Maps are popular solutions. Open Geoinformation Consortium (OGC) compliant Web Map Services (WMS) allow for a customized and flexible compilation of datasets on the one hand, and the exact definition of map layouts on the other. As WMS interfaces are standardized, using this approach enables a flexible combination of multiple distributed data repositories for compiling maps. Also client applications are able to use WMS without further knowledge about the data source. Vector and raster data can be structured in the form of layers and combined in the service. Some drawbacks of implementing WMS are the common lack of appropriate background datasets and the effort for setting up sophisticated, scale-dependent map compilations.
On the other hand, Google Maps provides an application interface (API) that allows for an easy integration of pre-defined background maps based on an enormously comprehensive and up-to-date data basis. The open API makes an integration of standard Google Maps in the browser an easy task. The rendering time is much faster compared to current WMS implementations on the market. Using Google Maps as a background layer therefore makes the compilation of web maps efficient and can add to their quality. The major limitation of Google Maps Á although the API has constantly been extended and improved Á is the missing possibility to set up customized, highly sophisticated maps that directly include data from standard resources, such as spatial data bases or GIS file formats.
Based on the advantages and limitations of these technologies, a synthesis of both has been used for implementing the flood and dike breach simulation system (Figure 1a and b) . The Google Maps client interface has been chosen as control elements because it is commonly well-known and its integration into web pages is straightforward. The simulation results represent customized, classified data sets that are dynamically growing with each simulation result. These data are stored in a spatial data base, which is accessed by a WMS. At the client side, the simulation data is queried from the WMS and combined with Google Maps background layers in order to set up a multi-layer map with all the information needed for both orientation and thematic interpretation.
4.3.
Maps to support personal risk framing 4.3.1. Maps to create a personal view Personalized maps and contextual information presentation are means to support this requirement. Interactive hazard and risk maps should allow for individuals to select the area which they are interested in by address or place name. This functionality is well-known from tools such as Google Maps or navigation systems. The maps could also be aligned and centered according to this address, a selected International Journal of Digital Earth house or area should be highlighted. The risk explorer presented above meets the challenge of a personalized view. Users are able to select municipalities in which they are interested via name or by a mouse click in the map. The place will be highlighted in the map. Additionally, the related diagram which depicts the expected damage for different hazards or for one hazard with different return periods will be adapted to the chosen municipality ( Figure 2aÁc ). Supplementary information, which is specific for a selected area, e.g. specific protection measures or nearby information points, should be offered either in the map or in a separate information block.
Maps to allow confirming information with others through interaction
Interactive maps which allow exploration of a risk by personal views and the creation of different scenarios could be a means to support discussion and confirmation with others. Different views on a hazard or risk yield arguments for conversation and discussion. Examples for interactive hazard and risk maps are given in Figures 1 and  2 . Also the possibility for adding personal information to a map, such as pictures, reports, or even data of an individual hazard experience, allows people to confirm information and should be offered as a means of improving risk awareness. The US Geological Service (USGS) for instance makes use of such personal information. It involves people in the creation of earthquake intensity maps by its map service 'Did you feel it?' (USGS Did you feel it). People are asked via a web-based user interface to deliver information about a recent earthquake, the requested data are the basis to create earthquake intensity maps. Another example is the map created by the BBC during a severe flood in England in 2007. Personal pictures and videos taken by individuals from the flood are tagged to a Google Map to show the impact of the hazard (BBC Google Map).
Maps to establish credibility 4.4.1. Maps to inform objectively
Hazard and risk information can be communicated very objectively by maps. They depict the spatial distribution, quality, and quantity of hazards and risks. One example is the German risk map (CEDIM). Maps also allow a comprehensive view on hazards and risks. Various map scales may show the local, regional, or national level of a hazard; local or regional comparisons of risks allow for assessing a person's exposure.
Maps to give consistent information
Hazard and risk information is not always consistent, especially during a hazard event. Often information is vague and becomes clear only gradually. An example is the route of a hurricane. The possible route is calculated from multi-run simulations showing the results of different simulations. Maps may present the different simulation results to show the uncertainty of information. This may help people to get more insight in the varying status of information and may support assessing given risk information more correctly. It also decreases the danger of false alarm. This type of map can be applied for instance to weather forecasts. A further requirement for a consistent map design is to make maps comparable with each 306 D. Dransch et al. other; they should be designed with similar signs and depict comparable content and object models. The maps we have created to support risk assessment in Saxony (Figure 2aÁc ) meet these requirements. All hazards are referred to a return period of 200 years and the graphical design is consistent for all maps. The introduced frame for map-mediated risk communication is summarized in Table 1 . 
Discussion
In our research work we have developed a frame for the application and design of hazard and risk maps, which put its focus predominately on the challenges and restrictions of risk communication that have been investigated in scientific studies from social sciences and psychology. Thus, it expands the previous view on risk maps which was mainly guided by a cartographic and risk expert perspective. The extended view allows a more comprehensive understanding about the requirements maps have to fulfill in order to support successful risk communication. It makes apparent the conditions of communicating risk information and how maps can contribute to meet the various challenges. By adopting the methodical approach of Activity Theory to formulate objectives, tasks, and suitable visualization methods, the challenges and constraints of risk communication have been systematized; principles for map application and map design are derived. In addition, with already existing cartographic knowledge, the established frame can form a basis for the application and design of effective hazard and risk maps.
In future studies the principles we have formulated in the frame have to be fully implemented and tested to what extent they can support the described communication objectives. Tests which investigate the accomplishment of different tasks could support this research. The advantages of interactive hazard and risk maps provided on the Internet could already be confirmed by a study of Hagemeier-Klose and Wagner (2009) . The research of the paper contributes to a recent scientific as well as societal challenge of improving risk understanding and preparedness of people in order to decrease their vulnerability to natural hazards.
